Abstract: This paper first proposes a technique of computing air temperature and humidity in stables based on outdoor air parameters and biological production of animals. The computation technique is outlined. The calculated values are then used to assess the potential of evaporation cooling in mild climatic conditions. Graphs illustrate the assumed effect of evaporation cooling equipment inside a stable housing of egg laying hens. Used in the computation were hourly meteorological readings obtained during the period
One of the problems of current farming is heat stress of the kept animals. This problem is being dealt with not only by countries with intensive agriculture in subtropical and tropical areas, but also by countries with mild climate such as the Czech Republic.
All over the world this problem represents a significant research potential. In most cases the research focuses on livestock, poultry and pigs.
When assessing the suitability of different cooling systems for mild climatic conditions, important is mathematical modelling of air temperature and humidity inside the stables. In the past, works on this problem were published for example by Gates and Timmons (1988) , Lucas et al. (2000) , Silva et al. (2005) .
The hereby presented mathematical model can be used for various categories of gallinaceous poultry. It determines in particular the air temperature and humidity inside the stable in conditions where evaporation cooling is and is not used, respectively.
In order to express the risk of heat stress of animals, the temperature-humidity index, THI, is used instead of the temperature itself (Ingram 1965) . In addition to THI, the following terms are used in connection with heat stress of animals: effective temperature (Beckett 1965) , lower critical temperature LCT (Bruce & Clark 1979) , upper critical temperature UCT (Black et al. 1986 ). In the presented model, running of the cooling equipment is controlled by the values of THI inside the stable.
Building a model allows the locality to be assessed from the evaporation cooling system suitability point of view, aimed at reducing the risk of heat stress of animals.
MATERIAL AND METODS
A mathematical model of thermodynamic changes in the moist air inside a stable was designed using a computer program called MathCAD. A schematic diagram of the computations is illustrated in Figure 1 . For the model to function correctly, it is necessary to specify items identified as IN, results of the computation are identified as OUT. The computation consists of seven parts which are identified by the rectangles 1 to 7. Individual parts of the computation are described in the following paragraphs. For selected cases are shown examples corresponding to particular parts of the model in the MathCAD program.
Before the computation it is necessary to input meteorological data in Excel files into MathCAD. In the period 2000 to 2002, air temperature and rela- From the whole matrix of values was always selected data corresponding to the chosen days (d) and hours (h), for which the computation was carried out.
Computation parts 1, 2 and 3 constitute an independent entity (see Figure 1) , in which were for the supplied outdoor air parameters t e ( o C) and φ e (-) determined air temperature t ibez ( o C) and humidity φ ibez (-) in the analysed stable without evaporation cooling.
Part 1. Using the stabling technology, stable type, specified category, number and age of the animals, computed was the generated heat Q c (W) and water vapours M d (g/s) and ventilation air flow M vmax (kg/s) in accordance with ČSN 73 0543-2. The computed generated heat and water vapour are a function of temperature inside the stable.
Part 2. Created was a regression function of the pressure of saturated vapours and density of the saturated vapours from table values within the range 0°C to 40°C (Ražnjević 1984) . Specified were basic air parameters: specific gas constant of dry air 287 J/kg/K, specific heat capacity of dry air 1004 J/kg/K, median specific heat capacity of water vapours 1860 J/kg/K, for the temperature range 0°C to 40°C, specific water evaporation heat 2500 kJ/kg at 0°C and design moist air pressure 98 000 Pa. By means of regression functions and specified constants were in accordance with theoretical thermodynamic relations defined functions necessary to compute the processes taking place in the moist air: specific humidity x(t,φ) (kg/kg sv ), specific enthalpy of (1+x) kg of air i(t,φ) (J/kg sv ) and mass flow of dry ventilation air m sv (t,φ) (kg/s) (Chyský 1977) .
Part 3. Parameters of air inside the stable t ibez ( o C) and φ ibez (-) without evaporation cooling were computed from readings of outdoor air parameters t e ( o C) and φ e (-), using the following system of equations:
heating e-B takes place at constant specific humidity
enthalpy increases with the heat generated by the animals
(2) m sv (t e , φ e ) humidification by vapour B-i takes place at a constant temperature
specific humidity increases by the animal generated humidity
Individual thermodynamic processes are schematically illustrated in Figure 2 .
Relations (1) 
through to (4) are system of four equations with unknowns t B , φ B , t i (in this case t i = t ibez ) and φ i (φ i = φ ibez ). Functions Q c (t) and M d (t) were defined in Part 1, functions x(t,φ), i(t,φ)
and m sv (t,φ) in Part 2.
Model parts 4, 5, 6 and 7 solved the situation when a cooling equipment working on the evaporation principle was installed in the stable. Correctly designed equipment will start only at suitable outdoor air parameter values t e , φ e and humidify the air inside the stable to the correct value φ opt . Result of the computation are air parameters inside the stable t is (°C) and φ is (-) at the time the equipment is running, the time the equipment is to run and the quantity of water necessary to achieve these parameters.
Part 4. By means of surface regression of the values of temperature-humidity index THI (see Table 1 ) (http://www.abe.iastate.edu/livestock/heat_stress. asp), determined was the function for computing the temperature-humidity index THI(t,φ) (-).
Part 5. Days (d) and hours (h) in which the cooling equipment was to be used were determined by comparing the temperature-humidity index corresponding to the values of air parameters inside the stable
with the limiting values of the index corresponding to optimal air parameter values. In order to save energy required to run the cooling equipment, it is desirable to select the maximum from within the range of recommended values, e.g. for egg-laying hens (Provozní pravidla 1990): The cooling equipment will be switched on if the value of the temperature-humidity index in the stable, index d,h (-) exceeds the value opt index (-) and relative humidity in the stable is lower than φ opt (otherwise the air would be undesirably humidified). From this condition can be determined the time the cooling equipment is to run.
Part 6. The values of air parameters t is (
o C) and φ is (-) inside the stable with evaporation cooling are computed from the outdoor air readings t e ( o C), φ e (-) and the defined optimal humidity φ opt (-) using the following system of equations: -air humidification e-A takes place at constant enthalpy i(t A , φ A ) = i(t e , φ e ) (5) -air temperature at the end of the humidification process is lower than at the beginning . Assumed thermodynamic changes in moist air inside the stable e  ibez -air parameter changes in a non-cooled stable e  B -air heating by heat generated by the animals at t ibez B  ibez -air humidification by water vapours generated by the animals at t ibez e  is -air parameter changes in a non-cooled stable e  A -evaporation air cooling A  Bs -air heating by heat generated by the animals at t is Bs  is -air humidification by water vapours generated by the animals at t is In order to achieve a maximum cooling effect has been selected maximum possible humidity. Individual thermodynamic processes are again schematically illustrated in Figure 2 .
Relationships (5) and (8) through to (12) constitute six equations of six unknowns t A , φ A , t B , φ B , t i (in this case t i = t is ) and φ i (φ i = φ is ). Functions Q c (t) and M d (t) were defined in Part 1, functions x(t,φ), i(t,φ) and m sv (t,φ) in Part 2.
Part 7. In order to be able to compute the required number of nozzles or units producing water mist, it is necessary to know the volume flow of water through one nozzle Q vtr (m 3 /s) or through one unit, and efficiency η tr (-) of evaporation of the sprayed water in the equipment. If we assume that all sprayed water evaporates into the air, then we specify η tr = 1. The quantity of water flowing through the nozzle per unit of time can be determined in a graduated cylinder. The mass of water flow M w (kg/s) which must during the e-A process evaporate into the air is computed from equation 
F i g . 3 -a A s s u m e d e f f e c t o f o p t i m a l l y d e s i g n e d e v a p o r a t i o n c o o l i n g e q u i p m e n t w i t h d e f i n e d z o n e o f h e a t s t r e s s f o r e g g l a y i n
M w d, h := m sv (t e d, h , φ e d, h )×(x(t A d, h , φ A d, h ) -x(t e d,
RESULTS
Computation using the above described methodology was conducted in a building with the ratio of the weight of above-ground structures to floor area not exceeding 200 kg/m 2 , housing 20 000 egg laying hens aged up to 20 weeks, stabled on poultry bedding. The results of the computation of indoor air parameters in the non-cooled stable for a single outdoor air temperature and humidity are presented in Figure 2 .
If hourly meteorological data obtained from readings taken between 10:00 a.m. and 10:00 p.m. in May to August 2000 August , 2001 August and 2002 , is used, we get Figures 3a, 3b and this limit is reached, is recommended to increase ventilation. THI = 87 represents a state of danger, above which it is necessary to use available evaporation cooling equipment. THI = 97 represents a state emergency. Apart from cooling, it is recommended to limit the animals' activity by available means (transport, lighting, feeding).
An alternative way of presenting the model results is illustrated in Figure 4 .
DISCUSSION
The graphs in Figure 3 present a qualitative view of the adjusted microclimate of the modelled stable by means of evaporation cooling. They compare the outdoor air parameter readings taken in individual months with indoor air parameters in the stable with and without cooling equipment installed. The graphs show a reduced risk of thermal stress when evaporation cooling is used. The reached temperature-humidity index (THI) in the stable is, when the cooling equipment is turned on, outside the critical zone. The recommended limit values of relative humidity inside the stable were exceeded only when the cooling equipment was due to high relative humidity of the outdoor air switched off.
A quantitative view of the adjusted microclimate in the model stable by means of evaporation cooling is presented by the graphs in Figure 4 . The vertical axis represents time during which the animals in a stable with installed cooling equipment and in a stable without cooling equipment were, in the selected months in 2000, 2001 and 2002, exposed to the shown or higher temperature. Figures 3 and 4 show how air temperature and humidity differed in the same months in years 2000, 2001 and 2002. e q u i p m e n t w i t h d e f i n e d z o n e o f h e a t s t r e s s f o r e g g l a y i n g h e n s i n 2 0 0 2 When designing cooling equipment in a particular locality, it is necessary to take into consideration data from at least the period of thirty years (the so called normal line period). From Figure 4 , one can read out that for instance in June 2002, in the stable with no evaporation cooling equipment, the hens were exposed to temperatures 27°C and higher for 39 h. When cooling equipment was installed, the model shows that this time was reduced to 22 h. In July of the same year, this resulted in a reduction from 33 h to 4 h. The model presents basic information about the effects of a cooling system in the surveyed locality. The model can be modified for other kinds of gallinaceous poultry and for pigs.
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